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❖Metagenomics & Diversity (bacterial and fungal)

Allchar history:
A myth or truth?
Allchar history (truth):
• Others estimates that mine was known from 12 or 13 
century.
• In documents of Ottoman's Empire mine is mentioned from 
1481 
– Sale of arsenic made great income for Turkish sultan.
• Deposit was mined extensively between 1881 and 1908
for: Antimony, Arsenic and Thallium,  when British-
French company got a concession from Ottoman’s Empire.
Thallium is a chemical element with atomic number 81. 
that is not found free in nature. 
Chemists William Crookes and Claude-Auguste Lamy  
discovered thallium independently in 1861.

Thallium in this story?
➢ Thallium and its compounds are extremely toxic. 
There are numerous recorded cases of fatal thallium poisoning.
➢ Thallium has 25 isotopes whith atomic masses in range
from 184 to 210.
➢
203Tl and 205Tl are the only stable isotopes and make up 
nearly all of natural thallium.
From 47 worldwide registered minerals containing thallium (Tl), 













❖ Dollcharite.                                            
Lorándite was first discovered at the
Allchar deposit, in 1894 by Krener, 
and named after Loránd Eötvös, 
a prominent Hungarian physicist.
Allchar is as a unique mine in the world:
❖ Richest in the world- deposits of lorandite
The “Crven Dol”, holds estimated amount of 500 t of Tl.
❖ Purest lorandite in the world (contains only traces of K, 
Cr, Fe, Cu, Pb and Zn).
Entrance to “Crven Dol”, 
part of Allchar complex 
Neutrinos (V) in this story?
Three kinds:
- Electron neutrinos   (Ve)
- Muon neutrinos   (Vµ)




Electron (solar) neutrinos travel
149,597,870 km
8 min 20 sec
2,3 sec
At the surface of the Earth, the flux is about 65 billion solar 
neutrinos, per second per square centimeter.
In 1956, Frederick Reines and Clyde Cowan detected 
neutrinos and prove their existence.




(1919 – 1974) 
Neutrinos:
They are impossible to see and incredibly difficult to detect, 
because they are:
- neutral, has no electrical charge, 
- has a very small mass, which might even be zero and 
- have very little interaction with matter.

Neutrino detectors
• Different reactions using Gallium (40 t), Lithium, Manganese 
etc.
• Chlorine atoms transfers to Argon (100.000 gallons of liquid   
chlorine, in 1 week produces: expected 10 atoms of Argon
observed 3 atoms of Argon.
• The Super-K, 1,000 m underground in the Mozumi Mine in 
Hida's Kamioka area, consists of a cylindrical stainless steel 
tank that is 41.4 m tall and 39.3 m in diameter holding     
50,000 tons of ultrapure water. 

His idea was to analysе thallium-containing lorandite from 
Allchar and examines the quantity of lead in it as a basis for 
calculation of the number of neutrinos which over the 
millennia have passed through the lorandite, enabling the 
calculation of the Sun’s age.
neutrino-capture reaction 205Tl + νe →
205Pb + e-
Estimated age of lorandite is around 10 million years, and 
predicted trapped 205Pb concentration of 132 atoms per 
gram of lorandite.
It is estimated that, 10kg of lorandite contains about (3.5 –
11.6) x 105 atoms of 205Pb. 
Half life of 205Pb is 15,3 million years.
LOREX (LORandite EXperiment) is long-term project
(running between 2008 and 2010) and still actively
pursued, using lorandite from Allchar, to determine
the solar neutrino flux.
Science-fiction or reality?
Project to Connect:
Sun – Earth – Neutrinos - Allchar – Lorandite – Thallium  
& Microbial diversity
Microbial diversity in various mine sites are connected with 
the environment conditions and usually remain undervalued. 
The huge bio diversity and uncultivable nature of certain 
m.o. make it immensely difficult for accurate representation of 
microbial communities in a particular ecological niche. 
The majority of microorganisms are unculturable, and 
therefore culture-independent approaches are sought to 
investigate the soil microbial communities. 
Metagenomic analysis revealed significant microbial 
biomass and abundance changes in metal-contaminated sites 
without significant variations in microbial diversity (Feng et al. 
2018). 
Several authors identified arsenic-resistant bacteria 
(Katsnelson 2010; Wolfe-Simon et al. 2011; Cressey 2012; 
Erb et al. 2012; Scheirmeier 2012). 
Although heavy metals are toxic for various 
microorganisms, many metal-tolerant microbes inhabit 
metal-polluted environments. 
Sklodowska and Matlakowska (2004) showed that bacteria 
isolated from heavy metal contaminated post-flotation and 
smelt wastes were resistant to Tl at very high 
concentrations, while 
Bao et al. (2006) isolated nine groups of Tl-tolerant 
culturable Alphaproteobacteria from heavy metal polluted 
river water.
Metagenomics is a revolutionary concept in the aspect of 
studying microbial bio diversity, their adaptation to the ecological 
niches and their evolution. 
Metagenomic data are obtained by high-throughput sequencing
of environmental samples provides an aggregation of all the 
genetic materials of the studied environment.
This strategy overcomes the problems associated with 
conventional molecular methods of retrieving genetic information 
for a particular environment. 
High throughput bioinformatic analysis enables the accurate 
exploration of a gene of interest.
The geological and geobiochemical environment, metagenomic
approaches have enabled straight forward investigation of the
microbiome in deep mining deposits (Turnbaugh, et al.,
2007, Brazelton et al., 2012).
Some studies have also provided novel genes, metabolic
processes, the evolutionary history of the dwelling
microorganisms, the mechanism of their metal tolerance
and solubilation abilities (Delmont et al., 2011, Li et al. 2015).
Allchar – Kozuf mountain
❖ 110 km from Skopje to Kavadarci
❖ 40 km off-road from Kavadarci
❖ 1 h walking




Entrance– “Crven Dol” Allchar




New flora and fauna???
MATERIAL
Samples were collected on June 23rd 2018 at the location
“Crven Dol”, at mine Allchar.
Sampling sites were divided on three areas :
1. Floor (water present, sample VT1)
2. Side Beams (with biofilm, sample VT2) and
3. Side walls of the tunnel (sample VT3).
Samples were collected from all areas in triplicates.
Tunnel at CRVEN DOL 
(Allchar)
Tunnel at CRVEN DOL (Allchar)
Supporting beams 










1. DNA extraction, library preparation and NGS sequencing
• The extraction of ultra-pure DNA was done using the
PowerSoil® DNA Isolation Kit (MO BIO Laboratories, Inc.,
Carlsbad, USA) in triplicates, following manufacturer's
protocol.
• Total DNA from each replica was pooled into single
sample for each sampling site.
1. DNA extraction, library preparation and NGS sequencing
• The DNA yield of analyzed samples was measured using
Qubit Fluorometric Quantitation (Qubit 4 Fluorometer,
Invitrogen™, USA).
• The amplicons were amplified following the target gene
Metagenomic Sequencing Library Preparation Illumina
protocol (Cod. 15044223 Rev. A).
• The gene‐specific sequences used in this protocol target the
16S rRNA gene V3 and V4 region, with the defined primers
for 16S forward (5′-CCTACGGGNGGCWGCAG-3′) and
reverse sequences (5′-GACTACHVGGGTATCTAATCC-3′).
2. Sequence data process and taxonomy annotation
Quality assessment was performed by the use of prinseq-
lite program.
Taxonomic annotation tables are summarised using Krona tool
as an interactive viewer for taxa distributions by samples.
Bacteria Fungi
3. Bioinformatic analysis
4. Sample preparation for ICP-OES analysis (inductively
coupled plasma optical emission spectrometry)
According to the EPA Method 3051, using Thermo
Scientific™ iCAP™ 7400 ICP-OES analyser.
Results
Diversity of microbial communities
Relative abundance of bacterial taxa as assessed 
by 16S rDNA gene sequences on phylum level (A)
Bacterial diversity

Relative abundance of 
bacterial taxa as assessed by 
16S rDNA gene sequences  
on family (B) level. 
Relative abundance of bacterial taxa at the genus level






Relative abundance at genus level
Fungal taxa at the species level, 
according Krona interactive viewer
CONCLUSION
• This is the first study on the microbial diversity of Allchar
mine
We confirmed presence of:
▪ 25 different elements and high concentration of As and Tl
▪ Huge bacterial and fungal diversity
• The metagenomics approach allowed us to evaluate the 
community structure, diversity and microbial relationships in 
Allchar sites 
• Our results showed a positive correlation between the 
diversity and richness of the observed communities at all 
taxonomic levels
• We report, for the first time, the presence of bacterial
genera such as Trichococcus, Devosia, Litorilinea, Gimesia
and Chryseolinea or 
• pathogenic fungi Cladophialophora sp., Hipomyces rosellus
and  Rosellinia desmazieri.
• This is the first report of As- and Tl-tolerant Pilidium sp., 
Neobulgaria sp. and M. acicula sp. 
• This study revealed the significance of geomicrobiology in 
Allchar sites, indicating community resilience and their 
potential role in bioremediation strategies and industrial 
applications.
Venn diagram 
(IF > 4) 
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